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INTRODUCTION
The primary goal of the NICA (Nuclotron-based Ion Collider fAcility) heavy-ion program [1] is the study of the properties of nuclear matter under extreme conditions. At sufˇ-ciently high temperature and baryon density achieved in central collisions of relativistic nuclei, a transition into a state of deconˇned quarks and gluons Å quark gluon plasma (QGP) Å is expected. In the dense nuclear matter, the deconˇnement phase transition might be accompanied by a restoration of chiral symmetry due to melting of the quark condensate [2Ä4] . Recent results on hadroproduction from the CERN SPS [5] and RHIC [6] indicate that the onset of the deconˇnement is likely to be observed in central A + A collisions at energies √ s > 7A GeV. Moreover, the analysis of the thermodynamic freeze-out parameters extracted from the data over a wide energy range performed in [7] reveals that the net-baryon density in central collisions of heavy ions has a maximum in the energy range from √ s = 5A to 9A GeV. So, the energy range of the NICA collider (4A < √ s < 11A GeV) is ideal for an experimental exploration of fundamental QCD properties that are sensitive to both the phenomena: chiral symmetry and conˇnement [8] . Our experimental research plan is to perform a detailed energy scan with ion beams from protons to gold nuclei addressing the following objectives: (1) strangeness production, (2) in-medium properties of vector mesons, (3) eventby-event uctuations, and (4) correlations. The measurements will be performed with the MultiPurpose Detector (MPD) [9, 10] capable of detecting both the hadronic (π, K, p, Λ, Ξ, Ω) and nonhadronic (e, γ) probes.
Study of (anti)hyperon production is of particular interest because of several reasons. First of all, the strangeness enhancement in heavy-ion collisions relative to proton-induced reactions has been proposed as a signature for the deconˇnement. The expected increase of the strange particle production in a QGP phase is due to both the lower threshold of the ss-pair production and the addition of gluon fragmentation channels [11] . It was also established experimentally that this strangeness enhancement is stronger for particles with higher strangeness content [12, 13] .
Secondly, since the hadronic cross sections of multistrange hyperons are small, additional rescaterring effects in the dense hadronic matter for strange hadrons are not so important as for other hadrons. Thus, measured phase-space distributions of strange hyperons reveal important characteristics of theˇreball at the early stages of the system evolution. Moreover, it has recently been observed by the STAR experiment that the characteristic azimuthal anisotropy pattern (e.g., the elliptic ow coefˇcient v 2 as a function of transverse momemtum p t ) for antibaryons (including those with strangeness) is different from the one for baryons in mid-central Au + Au collisions at energies √ s < 11A GeV [14] . Antibaryons are strongly affected by the comoving baryon density in the course of the reaction: there is an interplay between particle production and subsequent absorption in the medium. So, new experimental data on (anti)hyperon production which will be taken at NICA for different values of the collision energy and beam atomic mass number will provide a valuable insight into the reaction dynamics.
Relativistic heavy-ion collisions, where lots of strange particles (kaons and hyperons) are produced, offer a unique possibility to create exotic nuclear objects with strangeness Å hypernuclei [15] . Recently, theˇrst results on the production of (anti)hypertritium in relativistic Au + Au collisions at RHIC and the LHC have been reported by the STAR and ALICE experiments [16, 17] . The mechanism and dynamics of hypernuclei formation are not well understood Å several approaches are suggested to explain their production rates: coalescence of lambdas with nucleons at midrapidity [18] , thermal models [19] , or absorption of some of the produced hyperons by the residual spectator nuclei [20] . To distinguish between different models, new experimental data on hypernuclei production taken in different initial conditions (i.e., collision energy and impact parameter) over large phase space are needed. The energy range of the NICA research program covers the region of the maximal baryon density where the production rates of nuclear clusters with strangeness are predicted to be enhanced considerably: as many as 3 · 10 −2 of [19] . With a typical event rate of 6 kHz for the design NICA luminosity of 10 27 cm −2 · s −1 a detailed study of the production mechanism of single hypernuclei as well as an observation of double hypernuclei at NICA look feasible.
The goal of this work was to study the performance of the MPD detector for (anti)hyperon and hypernuclei measurements in heavy-ion collisions at NICA. The emphasis was placed on the MPD particle identiˇcation capability for hadrons and light nuclei, reconstruction of secondary vertices, and background suppression in Λ(Λ) and 3 Λ H signal.
DETECTOR GEOMETRY
The detailed description of the MPD geometry can be found in [9, 10] . The present analysis is based on the detectors covering the midrapidity region (|η| < 1.3): the main tracker Time Projection Chamber (TPC) and barrel Time-Of-Flight system (TOF), comprising a so-called start version, and takes into account up-to-date modiˇcations of the detector design. The overall detector material budget can be seen in Fig. 1 . One can see that the main material contribution comes from TPC inner and outer cages which are multilayer structures made of composite materials like kevlar and tedlar with high strength and long radiation length. The total amount of the material does not exceed 10% of the radiation length in the region of interest. 
EVENT GENERATORS AND DATA SETS
The event samples used for the present study were produced with the UrQMD [21] and DCM-QGSM (Dubna Cascade Model Ä Quark-Gluon String Model) [22Ä24] generators. It is well known that predictions of different models for the rapidity and transverse momentum distributions of hadrons (hyperons, in particular) can be different. Moreover, the differences among the model predictions can vary with the collision energy. If a detector's acceptance has limited rapidity and/or transverse momentum coverage (as is the case for the MPD setup), then the results of detector performance studies in terms of the overall reconstruction efˇciency can vary from model to model as well. Therefore, in order to avoid a bias in the estimates of the detector performance, it looks reasonable to use several models with different predictions for the rapidity and p T spectra of particles as an input for simulation. Moreover, the usage of several event generators would allow one to estimate the detector sensitivity to the model predictions.
The choice of the aforementioned event generators was motivated by the following considerations: while the former is widely used by the heavy-ion community, the latter is able to produce nuclear clusters, in particular, hypernuclei, which were one of the subjects of this study, according to the prescription brie y presented below.
The DCM-QGSM generator is based on the Monte Carlo solution of a set of the BoltzmannÄUehlingÄUhlenbeck relativistic kinetic equations with the collision terms, including cascadeÄcascade interactions. For particle energies below 1 GeV it considers only nucleons, pions, and deltas. The model includes a proper description of pion and baryon dynamics for particle production and absorption processes. At energies higher than about 5 GeV, the QuarkÄGluon String Model is used to describe elementary hadron collisions. QGSM considers two lowest SU (3) multiplets in mesonic, baryonic, and antibaryonic sectors, so interactions between almost 70 hadron species are treated on the same footing. The above-noted two energy extremes were bridged by the QGSM extension downward in the beam energy using the mix-and-match method.
During a collision of heavy ions, strangeness is produced abundantly and is likely to form clusters of different sizes. One can discriminate two distinct mechanisms for hypercluster formation in heavy-ion collisions. First, the absorption of hyperons in the spectator fragments of noncentral collisions. In this scenario one is interested in hyperons which propagate with velocities close to the initial velocities of the nuclei, i.e., in the vicinity of nuclear spectators [25] . In this case one can obtain a rather large and moderately excited hypersystem decaying into hyperfragments later on [26] . In the other scenario the DCM-QGSM transport model gives the phase-space information for all hadrons produced in heavy-ion collisions. This information then serves as an input for coalescence prescription. DCM-QGSM model predictions for cluster formation were compared with experimental data [27, 28] . The model has been used to predict cluster production over a wide range of beam energies [20] .
The two generators were used to produce event samples of central AuÄAu collisions (0Ä 3.0 fm in UrQMD and 0Ä3.8 fm in DCM-QGSM) at √ s = 5A and 9A GeV. The number of events ranged from 10 4 to 5·10 5 , corresponding to about 30 s to 30 min of data taking time 
with the NICA design luminosity of 10 27 cm −2 · s −1 (the corresponding central collision rate of ∼ 300 Hz). One can see the model predictions for Λ hyperons in Fig. 2 . The plots show distributions for all Λ hyperons, i.e., the primary (from the Au + Au collision) and secondary (produced during the particle transport within 50 cm from the collision point, i.e., from, e.g., Σ 0 , Ξ − and Ω − decays). It should be noted here that we did not intend to do a detailed comparison of the model predictions on hyperon production; therefore, one should not pay too much attention to the differences in Fig. 2 which might eventually go away after proper model parameter tuning.
Particles produced by the event generators have been transported through the detector using the GEANT3 transport package (describing particle decays, secondary interactions, etc.). The decay properties of hypernuclei (modes and branching ratios) have been introduced into GEANT from [29] (Table 1 ) and the lifetime has been taken to be the same as of Λ hyperon.
DETECTOR PERFORMANCE
3.1. Track Reconstruction. The track reconstruction method is based on the Kalmaň ltering technique (see, e.g., [30] ) and the number of TPC points per track was required to be greater than 10 to ensure a good precision of momentum and dE/dx measurements. In addition, we have restricted our study to the midrapidity region with |η| < 1.3. The tracǩ nding efˇciency in TPC for primary and secondary tracks is shown in Fig. 3 as a function of the track transverse momentum. The secondary track sample there included particles produced within 50 cm of the primary vertex in both transverse and longitudinal directions and did not include electrons and positrons from the photon conversion, which were not relevant for the current study.
Inspite of the fact that the amount of the material in front of the TPC active volume is rather small (below 4% Å see Fig. 1, b) , its effect on the momentum resolution for low-p T tracks is quite visible especially for heavy particles (see Fig. 4 , a for protons). However, the energy losses can be accounted for in the trackˇtting procedure. The transverse momentum Both the primary and secondary vertex reconstruction methods utilized make use of a similar approach based on the Kalmanˇltering formalism [31] . The primary vertex reconstruction errors as functions of the track multiplicity in the event are shown in Fig. 5, b .
For all the tracks reconstructed in the TPC the speciˇc energy loss dE/dx is calculated as a truncated mean of the charges of the TPC hits assigned to the tracks. The truncation level of 70% was chosen; i.e., 30% of hits with the highest charges were excluded from the mean value.
Next, the TPC reconstructed tracks are extrapolated to the TOF detector and matched to the TOF hits. Figure 6 shows the TOF matching efˇciency as a function of transverse momentum (plot a) and pseudorapidity (plot b). Relatively large uncertainty of the direction of reconstructed tracks (due to multiple scattering) causes the observed drop in the TPCÄTOF matching efˇciency at low p T (see Fig. 6, a) . Midrapidity tracks (at η ≈ 0) are less efˇciently matched to the corresponding TOF hits due to the interactions in the central electrode which divides the TPC gas volume into two drift regions; the matching deteriorates also toward the edge of the TOF at |η| ≈ 1.3. The overall (integrated over p T and |η| < 1.3) TPCÄTOF matching efˇciency is about 95%. For each TOF hit a Gaussian smearing of the time-of-ight provided by GEANT was done according to the design timing resolution of the TOF detector of 100 ps.
For the matched candidates the mass square (M 2 ) is derived through the relation
where p is the track momentum; q is its charge; t is the time-of-ight from TOF; l is the path length from the collision vertex to the TOF hit, and c is the speed of light. p/q, socalled magnetic rigidity, is the value directly returned by the track reconstruction algorithm. For particles with the unit charge it is equal to the momentum and M 2 corresponds to the particle mass squared. For multiple-charged particles the obtained value of M 2 differs from the nominal one by the factor of 1/q 2 , as can be seen, e.g., in Fig. 8 for 3 He (factor of 1/4 with respect to the expected squared mass of 9).
Particle Identiˇcation.
Particle identiˇcation (PID) in the MPD experiment will be achieved in several ways. Hadrons (π, K, p) and light nuclei having no TOF hits can be identiˇed using the energy loss (dE/dx) information from the TPC. As shown in Fig. 7 , a, we can discriminate kaons from pions up to momenta of 0.7 GeV/c and protons can be distinguished from π, K mesons up to p ≈ 1.3 GeV/c. Charged particles are selected if their dE/dx measurement lies within a ±3σ interval around the predicted value which is taken from the BetheÄBloch parameterization for the mean energy loss [32] . In Fig. 7 , b an example of the MPD PID discrimination power using dE/dx is shown: the mean energy loss for tracks with momentum p = 0.5 GeV/c is plotted in terms of Z variable deˇned as
Particles within the pseudorapidity range |η| < 1.1 can be identiˇed using the combined time-of-ight information from the TOF detector and the dE/dx signal from TPC. Figure 8 , a shows a typical dE/dx versus M 2 distribution for tracks with momentum p = 1.5 GeV/c. Selected hadron and light nuclei candidates fall within the 3σ ellipses around the nominal position for a given particle type. In addition, the probability for a given particle to belong to each of the species can be calculated knowing the widths of the corresponding distributions (along the dE/dx and M 2 axes) and the difference from the predicted position for the species. It was found that, by requiring this probability to be greater than 0.75, one can get the efˇciency and contamination distributions shown in Fig. 8, b . The PID efˇciency is deˇned as a ratio of the numbers of correctly tagged particles and all analyzed ones. The contamination is determined as the number of incorrectly tagged particles divided by the number of correctly tagged particles.
As seen from Fig. 8 , the overall PID efˇciency for p, d and 3 He is close to 100%, while due to a partial overlap of the distributions for pions and kaons the efˇciency of π drops down to ≈ 0.8 at p = 2.5 GeV/c. The contamination of wrongly identiˇed pions (basically from μ, e, and K) does not exceed 10%. For other species the observed contribution from the misidentiˇed particles is negligible. . Event topology of two-particle decays of a charged particle (e.g.,
ANALYSIS PROCEDURE Λ (Λ) hyperons and
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Λ H→ 3 He+π − ) (transverse view). Here dca1 and dca2 are the distances of the closest approach of the decay tracks to the primary vertex PV, dca12 is the distance between the daughter tracks in the decay vertex VM , dcaM is the distance of the closest approach of the mother particle to the primary vertex, path is the decay length, p1 and p2 are the momenta of the daughter particles. Three-prong decays (
one with the exception of a presence of the third decay particle, while two-particle decays of a neutral particle (e.g., Λ → p + π − ) differ only in the mother particle trajectory which is a straight line in the latter case the selection criteria: relatively large distance of the closest approach (DCA) to the primary vertex of decay products, small track-to-track separation in the decay vertex, relatively large decay length of the mother particle. Obviously, the intertrack separation can be called a ©qualityª cut because it controls the secondary vertex reconstruction quality. In our selection procedure this criterion was complemented by another quality parameter Å pointing angle, deˇned as the angle between the mother particle momentum and the direction vector from the primary to the secondary vertex. These cuts should be approximately the same for all particles under study. The other criteria (DCA and decay length) can be called the ©topologyª or rather ©physicsª cuts since they not only select the long-lived particle decay topology, but serve to reject background combinations. As such, they should depend on relative abundances of the signal particle decay products and background tracks within the detector acceptance (i.e., on the signal particle production cross section, branching fraction of the decay channel under consideration and phase space Table 2 . Selection cuts corresponding to the maximum signiˇcance of the invariant mass peak: χ of decay products). Both the DCA and intertrack separation cuts should be more efˇcient if applied in χ 2 space, i.e., if normalized to their respective errors. However, this implies a good error analysis during the track reconstruction, which might not be the case at the early stage of the experiment. Therefore, for this analysis we used both sets of cuts, being aware of some redundancy of this collection of acceptance cuts. In fact, we have found that the normalized variables work quite well for our analysis and the obtained values of selections cuts are presented in Table 2 .
The exact values of selection cuts were found by performing a multidimensional scan over the whole set of selection criteria with a requirement to maximize the invariant mass peak signiˇcance, deˇned as S/ √ S + B, where S and B are total numbers of signal (described by the Gaussian) and background (polynomial function) combinations inside ±2σ interval around the peak position. While different physics analyses might prefer different criteria of the selection quality, the signiˇcance looks convenient to quantitatively evaluate the effect of different factors on the reconstruction quality.
The corresponding scan procedure was realized as follows: during the particle combinations the parameters which have been chosen to serve as selection criteria (see above) were recorded along with the invariant mass value. Later, multiple loops over those variables were performed in some steps and their values were used as low or high thresholds, yielding the invariant mass peak signiˇcance for each set of selection cut values. Then, the maximum value was taken along with the corresponding set of selection parameters.
RESULTS AND DISCUSSION
Reconstruction of
The results (Fig. 10) have been obtained for 10 4 central events, corresponding to about 30 s of data taking time. One can see that the reconstruction quality and efˇciency will allow using the decay K 0 S → π + π − as a convenient tool to monitor the tracking detector and track reconstruction performance being less dependent on the particle indentiˇcation as compared to Λ decay. Table 3 ) have been obtained for 10 4 central events. As was already shown in Fig. 2 , the two event generators give somewhat different predictions on Λ production rate, rapidity, and p T distributions. Moreover, these predictions are energy-dependent. Ideally, the experimentally measured quantitites should reproduce these event features. Indeed, from Figs. 11 and 12 one can see that even the reconstructed Λ yields re ect the UrQMD-DCM-QGSM differences, i.e., lower DCM-QGSM yield and softer p T spectrum in the phase space covered by the detector can be explained by the lower production rate, wider rapidity, and softer p T distributions of Λ hyperons in the full phase space (Fig. 2) . More detailed information like rapidity distributions and p T spectra conˇrms that the detector provides enough phase-space coverage to conserve the sensitivity to model predictions (cf. Figs. 2 and 13) . Table 3 shows the effect of the detector acceptance (i.e., η-coverage and low-p T cut for Λ decay products) on hyperon detection efˇciency, where the efˇciency is deˇned with respect to the total number of hyperons (as for Fig. 2 ). Lines 2Ä5 demonstrate the effect of the p T cut on the efˇciency, where p T is the true transverse momentum of the decay pion and proton. Line 6 shows the reconstruction efˇciency, i.e., considering the decay pions and protons reconstructed in the detector without any explicit p T cut (and without PID efˇciency). The last line includes all the relevant factors, i.e., reconstruction and PID efˇciencies as well as selection efˇciency. One can see that the detector provides an efˇcient reconstruction of hyperons with p T of decay tracks above 0.1 GeV/c in good agreement with Fig. 3 . It is also clear that a higher p T threshold (e.g., 0.2 GeV/c) would signiˇcantly reduce the detector efˇciency. The efˇciency drop due to selection cuts comes from the necessity to suppress the combinatorial background in order to obtain a clean invariant mass peak. In Fig. 14 the multiplicity distributions of reconstructed Λ hyperons (per UrQMD event) are plotted for two collision energies. As one can see, the resulting efˇciency will also allow studying some multiparticle phenomena with hyperons (for example, Λ−Λ correlations). Fig. 15 an invariant mass spectrum is shown calculated for pairs of antiprotons and positive pions. The results have been obtained for 4 · 10 4 central events, corresponding to about 2 min of data taking time. The peak ofΛ is clearly seen and, inspite of a much lower production rate for antilambdas relative to the one for Λ (Λ/Λ ≈ 10 −2 in central Au + Au at √ s = 9A GeV), the obtained results for both the selection and total efˇciencies are better than those for Λ (see Table 4 ). This is due to a higher fraction of antiprotons from weak decays in the totalp sample as compared to the proton case. 
Reconstruction ofΛ Hyperons. In
Reconstruction of Hypernuclei
3
Λ H. The results ( Fig. 16 and Table 5 ) have been obtained for 5 · 10 5 central events, corresponding to about 30 min of data taking time at NICA. Here it was necessary to suppress a larger combinatorial background as compared to the previous cases, and the requirement to have a sufˇcient signiˇcance of the signal resulted in stronger cuts and much lower efˇciencies. Also, we observed a much larger drop in the overall reconstruction efˇciency for hypertritons as compared to Λ hyperons (Tables 3 and 4 when the low-p T cut-off of decay products increased from 0.1 to 0.2 GeV/c. Therefore, the MPD detector ability to reconstruct very low momentum particles (at least, down to p T = 0.1 GeV/c) is of crucial importance for measurements of hypernuclei. One can notice in Table 2 a large difference of χ 2 1 values (χ 2 of decay π − with respect to the primary vertex) for 2-and 3-prong decays, conˇrming the considerations presented in Sec. 4.
SUMMARY AND PLANS
We have performed a simulation study of the MPD detector capabilities to reconstruct K 0 mesons, (anti-)Λ, and hypertritons in central Au + Au collisions at √ s = 5A and 9A GeV. Two event generators (UrQMD and DCM-QGSM) were used as the input for the study of the MPD detector set-up comprising the Time Projection Chamber and barrel Time-Of-Flight system. Particle identiˇcation was achieved by combining the energy loss (from TPC) and time-of-ight (from TOF) measurements. A special procedure aimed at the maximization of the signiˇcance of the reconstructed invariant mass was developed resulting in the observed signal-to-background ratio S/B ≈ 6 for Λ and S/B = 3−6 for hypertritons. The invariant mass resolution of ≈ 2 MeV/c 2 (for (anti-)Λ and hypertritons) and ≈ 5 MeV/c 2 (for K 0 ) has been achieved. Based on the results of this study and model predictions, we have estimated the expected yields of particle species of interest for 10 weeks of data taking (see Table 6 ). 
